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Claim 

1. Thermoplastic resin compositions characterized by containing quaternary ammonium 
salts expressed by the general formula (I). 

[In the formula (I), at least one of K u R 2 , and R 3 represents linear or branched alkyl or alkenyl 
group having carbon number of 8-30 and the remainders represent one or more selected from 
-CH3, -CH2CH3, _^ 

and " ...»--"" 




2 



R4 represents -CH 3 or -CH 2 CH 3 ; counter ion X" represents anion r esidue of acid having 
hydrophobic^grou£3dth£arbon number of 7 or higher] . 

2. Thermoplastic resin compositions according to Claim 1 wherein the acid having 
hydrophobic groups with a carbon number of 7 or higher is a sulfonic acid compound, sulfuric 
ester compound, carboxylic acid compound, phosphate compound or anionic oligomer or 
polymer with a polymerization degree of 3 or more. 

3. Thermoplastic resin compositions according to Claim 2, wherein the anionic oligomer 
or polymer with polymerization degree of 3 or more is a compound containing one or more of 
compounds selected from the following (1)~(3). 

(1) Polymer containing, as an indispensable component, one or more of monomers from 
unsaturated carboxylic acids or their derivatives. 

(2) Polymer containing styrene sulfonic acid as an indispensable constituent monomer. 

(3) Condensation product from formalin and sulfonated product of polycyclic aromatic 
compound having hydrocarbons as a substitution group. 

Detailed explanation of the invention 
Industrial application field 

The present invention relates to thermoplastic resin compositions. More specifically, the 
present invention relates to thermoplastic resins compositions containing quaternary ammonium 
salts having enhanced miscibility with other resins, molded articles of which retain antibacterial 12 
effect for a long time. 

Prior art and problem to be solved by the invention 

Quaternary ammonium compounds represented by benzalkonium chloride have been 
used for prevention of contamination and infection from bacteria, true fungi, and the like in the 
medical, hygienic inspection or food sanitation field from the past. Quaternary ammonium 
compounds have excellent characteristics of strong sterilization power for microorganisms over a 
wide range and low toxicity to humans. When quaternary ammonium compounds, which are 
water soluble, are added to thermoplastic resins, however, severe bleeding on the resin surface 
occurs due to low miscibility with the resin and there is a problem in the duration of the 
antibacterial effect. 
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Means to solve the problem 

To remedy the aforementioned actual situation, the present inventor et al. assiduously 
studied thermoplastic resin compositions having further high antibacterial activity and excellent 
durability and, a result, the present invention was completed. 

Namely, the present invention is to provide thermoplastic resin compositions 
characterized by containing quaternary ammonium salts expressed by the general formula (I). 

..>■<• J 1 



[In the formula (I), at least one of Ri, R 2 , and R 3 represents linear or branched alkyl or alkenyl 
group having carbon number of 8-30 and the remainders represent one or more selected from 
-CH3, -CH2CH3,( ^ ^ , 




and 

-CH 2 

R4 represents -CH 3 or -CH2CH3; counter ion X represents anion residue of acid having 
hydrophobic group with carbon number of 7 or higher]. 

The quaternary ammonium salts expressed by the general formula (I) has a special 
feature in the counter ion, and it is important that the counter ion X" is anion residue of an acid 
having a hydrophobic group with a carbon number of 7 or higher. 

As the acid having a hydrophobic group with a carbon number of 7 or higher, sulfonic \ 
acid compounds, sulfuric ester compounds, carboxylic acid compounds, phosphate compounds I 
and anionic oligomers or polymers with a polymerization degree of 3 or higher are exemplified. 1 

As the sulfonic acid compounds, C>7 higher alkyl or alkenyl sulfonate, alkylbenzene 
sulfonate, alkyl naphthalene sulfonate acid, higher fatty acid sulfonate, higher alcohol ether 
sulfonate, sulfosuccinic ester, alkylphenol sulfonate, higher fatty acid alkylsulfonate, alkyl aryl 
ester sulfonate, alkyl diphenyl sulfonate, alkyl benzimidazole sulfonate, and the like are 
exemplified, and those may be polymer or copolymer of sulfonic acid. The aforementioned 
sulfonic acid compounds having a total carbon number of 7-30 and preferably 10-20 are 
preferred. 

As specific examples, capryl sulfonate, l auryl sulfonate , rriyristyl sulfonate, palmityl 
sulfonate, stearyl sulfonate, oleyl sulfonate, dodecylbenzene sulfonate, dodecylnaphthalene 
sulfonate, and polymers of these sulfonic acid compounds are exemplified. As the polymers of 



the sulfonic acid compounds, homopolymers of monomers of styrene sulfonate, 
2-acrylamide-2-methylpropane sulfonate, xylene sulfonate, naphthalene sulfonate, and the like, 
and copolymers of the aforementioned monomers with hydrophobic monomers such as acryl 
acrylate, alkyl methacrylate, vinyl alkyl acrylate, vinyl acetate, ethylene, propylene, butylenes, 
butadiene, diisobutylene, vinyl chloride, vinylidene chloride, acrylonitrile, styrene, and the like 
or hydrophilic monomers such as acrylic acid, methacrylic acid, maleic acid, fumaric acid, 
maleic anhydride, vinyl alcohol, acrylamide, methacrylamide, diacetone acrylamide, N-vinyl 
pyrrohdone, and the like are exemplified. 

As example of sulfuric esters, there are sulfuric esters having linear or branched alkyl or 
alkenyl with a total carbon number of 7 or more, preferably a total carbon number of 10-20. 

As such sulfuric esters, decyl sulfate, lauryl sulfate , palmityl sulfate, oleyl sulfate, cetyl 
sulfate, polyoxyalkylene higher alcohol ether sulfate, fatty acid alcohol sulfate, and the like are 
exemplified. 

As example of carboxylic acid compounds, carboxylic acids having linear, branched or*" 
ring-form alkyl or alkenyl group with a total carbon number of 7 or higher and carboxylic acids 
having other functional groups at the alkyl groups are exemplified, and preferred are carboxylic 
acids with total carbon number of 7-30, especially 10-20. 

As such carboxylic acids, capric acid, lauric acid, myristic acid, palmitic acid, stearic 
acid, oleic acid, linolic acid, linoleic acid, sulfated fatty acid, sulfonated fatty acid, hydroxylated 
fatty acid, cyclic fatty acid, and the like are exemplified. 

As example of phosphate compounds, there are phosphoric esters having linear, branched 
or cyclic alkyl, alkenyl or aryl groups with a total carbon number of 7 or higher, and the 
phosphoric esters with total carbon number of 7-20, especially 10-20, are preferred. 

As such phosphoric esters, dodecyl phosphate, oc-naphthyl phosphate, diphenyl 
phosphate, monooctyl phenyl phosphonate, diphenyl phosphinate, polyoxyethylene alkyl 
phosphate, and the like are exemplified. 

As anionic oligomers or polymers with a polymerization degree of 3 or higher, 
compounds containing one or more compounds selected from the following (1)~(3) are 
exemplified. 

(1) Polymer containing, as an indispensable component, one or more of monomers from 
unsaturated carboxylic acids or their derivatives. 

(2) Polymer containing styrene sulfonate as an indispensable constituent monomer. 

(3) Condensation product from formalin and sulfonated product of polycyclic aromatic 
compound having hydrocarbons as a substitution group. 

As the unsaturated carboxylic acids or their derivatives, unsaturated monocarboxylic 
acids such as acrylic acid, methacrylic acid, and the like and their derivatives such as alkyl esters 



(methyl ester, etc.) of the aforementioned carboxylic acids or polyoxyethylene ester, etc. are 
exemplified. Beside these unsaturated carboxylic acids and their derivatives, copolymerizable 
monomers such as vinyl acetate, isobutylene, diisobutylene, styrene, and the like can be added. 

As the polymer (2), homopolymers of styrene sulfonate and copolymer of styrene 
sulfonate with other monomers are exemplified. As the comonomer are exemplified hydrophobic 
monomers such as alkyl acrylate, alkyl methacrylate, vinyl alkyl ether, vinyl acetate, ethylene, 
propylene, butylenes, butadiene, diisobutylene, vinyl chloride, vinylidene chloride, acrylonitrile, 
styrene and the like and hydrophilic monomers such as acrylic acid, methacrylic acid, maleic 
acid, fumaric acid, maleic anhydride, vinyl alcohol, acrylamide, methacrylamide, diacetone 
acrylamide, N-vinyl pyrrolidone, 2-acrylamide-2-methylpropane sulfonate, methacryl sulfonate, 
xylene sulfonate, naphthalene sulfonate, and the like. 

As the condensation product (3), formalin condensation products with petroleum 
sulfonate derivatives, naphthalene sulfonate derivatives, xylene sulfonate derivatives, 
alkylbenzene sulfonate derivatives, and the like are exemplified. 

The quaternary ammonium salts expressed by the general formula (I) of the present 
invention are easily prepared by making quaternary ammonium salts having a halogen atom as 
the counter ion OH type quaternary ammonium compounds using, for example, ion exchange 
resin and neutralizing with the aforementioned sulfonic acid compounds, sulfuric ester 
compounds, carboxylic acid compounds, phosphate compounds, or anionic oligomer or polymer 
having a polymerization degree of 3 or higher. 

The content of the quaternary ammonium salts expressed by the general formula (I) in the 
thermoplastic resin compositions of the present invention is preferably 0.01-10 parts by weight 
and further preferably 0. 1-3 parts by weight per 100 parts by weight of the thermoplastic resins. 

As the thermoplastic resins to be used in the present invention olefin resins such1is"~ 
polyethylene , polypropylene, ethylene-propylene copolymer, polybutene-1, ethylene-vinyl 
acetate copolymer, and the like, vinyl chloride resins such as polyvinyl chloride, polyvinylidene 
chloride, vinyl chloride-vinyl acetate copolymer, and the like, styrene resins such as polystyrene, 
acrylonitrile-styrene copolymer, and the like, polyamide resins such as nylon 6, nylon 6,6, nylon 
1 1, and the like, polyethylene terephthalate, polybutylene terephthalate, and the like are 
exemplified. 

The thermoplastic resin compositions are prepared by dry blending the aforementioned 
thermoplastic resins with the quaternary ammonium salts (antibacterial agent) using a blender, 
etc. or fusion mixing according to ordinary fusion kneading process by, for example, Banbury 
mixer, continuous mixer, mixing roll, kneading extruder, etc. Further, a master batch containing 
an antibacterial agent at high concentration is prepared by a so-called master batch process, and 
it is mixed with thermoplastic resin during molding. 
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Various molded articles obtained by fusion molding the thermoplastic resin compositions 
having antibacterial property maintain the antibacterial property for a long time and do not lower 
the product properties. Therefore, the thermoplastic resin compositions of the present invention 
can be utilized in various fields such as film products, flat yarn products, monofilament products, 
laminated products, coating materials of cable tubes, etc. 

Further, the thermoplastic resin compositions of the present invention may be mixed with 
a suitable amount of additives such as antioxidizing agent, UV absorbent, thermal stabilizer, 
antistatic agent, pigment, and the like according to their application purpose. 

Effect of the invention 

The thermoplastic resin compositions of the present invention can retain the antibacterial 
effect for a long time. 

Application examples 

Next, the present invention will be explained in detail by application examples, but the 
present invention is not limited to only those. 

Furthermore, quaternary ammonium salts used in application examples and comparative 
examples are summarized in Table 1. 



Table 1 



Compound No. 


Counter ion X" 


Quaternary ammonium 


Invention compound I 
II 

in 


Dodecylbenzene sulfonate 
Laurie acid 
Dodecyl phosphate 




Invention compound IV 
V 


Dodecylbenzene sulfonate 
Lauryl sulfate 


t 


Invention compound VI 


Naphthalenesulfonate-formalin 
polycondensate 
(condensation degree 10) 




Comparative compound 
VII 


CI 
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A pplication Example 1 

(a) Preparation of thermoplastic resin composition 

Low-density polyethylene 100 parts by weight was mixed with 0.5 parts by weight of the 
present invention compound I, homogeneously kneaded at a processing temperature of 150°C at 
100 rpm using Labo blast mill (Toyo Seiki Co.), and shaped by a press machine to a 2 mm thick 
plate. 

(b) Weathering resistance test 

The aforementioned plate was made into a 3x3 cm plate and immersed in running water 
for 2 weeks. 

(c) Evaluation of antibacterial activity 

Potato dextrose agar culture medium (Eiken Chemical Co.) 10 mL was put in a petri dish 
and solidified, and the plate piece left in running water for 2 weeks in (b) was put on the 
medium. Then, 0.5 mL mixed spore suspension of testing bacteria shown below prepared using 
sterilized water containing 0.007% Pelex OTP (Kao Corp.) was sprayed on the medium, and it 
was cultivated at a temperature of 26-28°C and relative humidity of 95% or higher for 4 weeks. 
The expression method of test results is shown in Table 2. The results are shown in Table 3. 

Tested bacteria 

Aspergillus niger 
Penicillium citrinum 
Rhizopus stolonifer 
Cladosporium cladosporioides 
Chaetomium globosum 
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Table 2. Expression method oi 


Ptest results 


Growth of hypha 


Expression of fungus resistance 


Growth of hypha at specimen or test piece inoculated 
part is not confirmed 


3 


The area of hypha grown part at specimen or test piece 
inoculated part does not exceed 1/3 of total area 


2 


The area of hypha grown part at specimen or test piece 
inoculated part exceeds 1/3 of total area 


1 



A pplication Examples 2-6 

Thermoplastic resin compositions were prepared by the same manner as in Application 
Example 1 except that the invention compounds II- VI, instead of the invention compound I, were 
used, and the antibacterial activity was evaluated. The results are shown in Table 3. 

Application Examples 7-12 

Thermoplastic resin compositions were prepared by the same manner as in Application 
Examples 1-6 except that polypropylene, instead of low-density polyethylene, was used and 
kneading was carried out at 170°C, and the antibacterial activity was evaluated. The results are 
shown in Table 3. 

Comparative Examples 1-3 

Thermoplastic resin compositions were prepared by the same manner as in Application 
Examples 1-6 except that the comparative compounds VTI-IX, instead of the invention 
compounds, were used, and the antibacterial activity was evaluated. The results are shown in 
Table 3. 

Comparative Examples 4-6 

Thermoplastic resin compositions were prepared by the same manner as in Application 
Examples 7-12 except that the comparative compounds VII-IX, instead of the invention 
compounds, were used, and the antibacterial activity was evaluated. The results are shown in 
Table 3. 
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Comparative Examples 7. 8 

Thermoplastic resin compositions were prepared by the same manner as in Application 
Examples 1, 7 except that the antibacterial agent (the invention compound I) was not used, and 
the antibacterial activity was evaluated. The results are shown in Table 3. 



Table 3 





Thermoplastic resin 


Compound No. 


Evaluation of antibacterial 
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Application example 1 
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Invention 
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